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Please check that this examination paper consists of SEVEN pages of printed
material and FOUR pages of Appendix before you begin the examination.
[Sila pastikan bahawa keftas peperiksaan ini mengandungi TUJUH muka surat yang'bercetak dan EMPAT muka surat Lampiran sebelum anda memulakan peperiksaan
ini.l
lnstructions: Answer FOUR (4) questions. Answer TWO (2) questions from Section
A. Answer TWO (2) questions from Section B.
tArahan: Jawab EMPAT (4) soatan. Jawab DUA (2) soalan dai Bahagian A'
Jawab DUA (2) soalan dai Bahagian B-l
You may answer your questions either in Bahasa Malaysia or in English'




Section A : Answer any TWO questions.
$ection A : Answer any TWO questions.
t. [a] An inventor proposes an engine that operates between a 27"C warm surface
layer of the ocean and a 1OoC layer a few meters down. The inventor claims
that the engine produces 100 kW by pumping 20 kg/s of sea water. Is this
possible? Assume (Co)r.on r,", = 4.18 kJ/kg.K. Support your answer with
calculations.
Seorang pencipta mencadangkan sebuah enjin yang beroperasi antara lapisan
permukaan lautan yang bersuhu 27oC dengan lapisan bersuhu 1OoC beberapa
meter bawah permukaan. Pencipta tersebut menyatakan yang enjin
berkenaan boleh menghasilkan 100 kW dengan mengepam 20 kg/s air laut.
Bolehkah ini berlaku? Andaikan (C)o,, taur Z a.l8 H/kg.K. Jav'apan anda
perlu disokong dengan pengiraan.
fl0 mark.s/markahJ
Two kg of superheated steam at 400oC and 600 kPa is cooled at constant
pressure by transferring heat from a cylinder until the steam is completely
condensed. The surroundings are at 25oC. Determine the net entropy change
of the universe due to this process.
Dua kg stim panas lampau pada 400'C dan 600 kPa disejukkan pada tekanan
malar dengan memindahkan haba dari sebatang silinder sehingga stim
tersebut terpeluwap sepenuhnya. Suhu persekitaran ialah 25oC. Tentukan
perubahan entropi bersih semesta yang disebabkan oleh proses tersebut.
[5 marks/marknhJ
Define the following terms:





















For the cycle in Figure Q.2. [a], find the work output and the net heat transfer
if 0.1 kg of air is contained in a piston-cylinder arrangement.
Carikan kerja keluaran dan pemindahan haba bersih bagi kitaran dalam






Water vapor is contained in a rigid vessel of 5 m3 at a quality of 0.8 and a
pressure ofZ n4pu. Ifthe pressure is reduced to 400 kPa by cooling the vessel,
find the final mass of vapor (mr) and mass of liquid (m1).
Wap air diisi dalam sebuah bekas tegar 5 m' pada kualiti 0'8 dan tekanan
Z Upa. Jika tekanan dikurangkan ke 400 kPa dengan menyejuklun bekns
tersebut, carikan jisim akhir wap (m) dan jisim cecair ,*, 
,U marks/markahJ
Four kg of water is heated at a pressur e of 22Q kPa to produce a mixture with a
quality x:0.8. Determine the final volume occupied by the mixture.
Empat kg air dipanasknn pada tekanan 220 kPa untuk menghasilkan suatu
,o*purin dengan kualiti x : 0.8. Tentukan isipadu akhir campuran tersebut'
[6 marks/marknhJ
for referigerant (Rl 34a)
tbl
lcl
tdl Verify the Clapeyron equation of
at 500 kPa.
Sahkan persamaan ClaPeyron
(RI3ad pada 500 kPa.
[#)" =h,rtr.r,
[#)" =h'rlr"r untuk bahan pendingin
[5 marl<s/markahJ
lal3. Five kg of water is placed in an enclosed volume of I m3. Heat is added until
the temperature is 150oC. Find:
Lima kg air diisi dalam sebuah isipadu tertutup I mt. Haba ditambah
sehingga suhu mencapai l50oC. Carikan:
til The pressure
Teknnan
tiil The mass of vapor
Jisimwap






tbl The cycle associated with the Carnot engine is compossed of four processes.
Using an ideal gas as the working substance, explain the four processes and
draw the Pv diagram ofthe four processes.
Kitaran yang berkaitan dengan enjin Carnot mengandungi empat proses'
Dengan menggunaknn gas unggul sebagai bahan keria, terangkan serta
luktikan gambarajah Pv bagi keempat-empat proses tersebut.
[4 marl<s/markahJ
Energy is added to a piston-cylinder arrangement, and the piston is withdrawn
in suih a way that the quantity PV remains constant. The initial pressure and
volume *" iO} kPa an-d 2 
^3, 
respectively. If the ftnal pressure is 100 kPa,
calculate the work done by the gas on the piston'
Tenaga telah ditambah ke suatu susunan omboh-silinder dan omboh tersebut
telah diundurkan supaya kuantiti PV kekat malar. Teknnan qwal dan isipadu
masing-masing fatih 200 kPa dan 2 m3. Jika tekanan akhir ialah 100 kPa,
kirakan kerja yang dilaEukan oleh gas ke atas omboh'
[3 marks/markahJ
A 1.5 m3 insulated rigid tank contains2.l kg of pure carbon dioxide at 100
kpa. A work is done using a paddle wheel on the system until the pressure in
the tank rises to 150 kPa. Ditermine the entropy change of carbon dioxide
during this process. Assume constant specific heats'
Suatutangki tegar tertebat 1.5 *t mergordungi 2 7 kg karbondioksida tulen
pada tOO t<pa.- Kerja dilakukan oleh suatu roda pengayuh ke atas sistem
^sehingga 
tekanan dilam tangki meningkat ke 150 kPa. Tentukan perubahan
entrffi karbon dioksida semasa proses ini berlaku. Andaikan haba tentu
adalah malar.
[4 marks/markahJ
Determine the missing properties and the phase description in the following
table of water.







Section B : Answer any TWO questions.
ntn"git" S : Jowab ion**oio DUA soalan
IEKC 222]
lal4. It is desired to produce l0 kW of refrigeration from a vapor-compresslon
refrigeratio.r 
"yil". The working fluid is refrigerant (Rl34a). 
The cycle
op"rut$ between 120 kPa and 900 kPa. Assuming an ideal cycle, determine
the coefficient of performance and the mass flow rate of refrigerant needed'
Adatah diperlukan untuk menghasilknn I0 kW penyejukknn dari satu kitar
penyejuknn mampatan wap. Cecair yang digunaknn ialah bahan pendingin
-fnisial 
Kitarai ini beroperasi antara 120 kPa dan 900 kPa- Andaikan satu
'kitar 
uinggul, hitungkan pekati prestasi dan kndar aliran iisim untuk bahan
pe ndingi n yang dip er lukan.
[8 marl<s/marknhJ
Consider a system with liquid containing 30 mole %o n-pentane (1)' 30 mole %
cyclohexane (2),20 mole %o n-hexane (3), and 20 mole o/on-heptane (4) at I bar'
Determine the temperature at which this liquid develops the first bubble of
vapor. What is the vapor composition?
satu sistem cecair mengandungi 30% mol n-pentana (l), 3a% mol
sikloheluana (2), 20% mol-n-hel<sina (3), dan 20% mol n-heptana (4) pada I
bar. Hitungksn suhu di mana cecair ini mula menghasill<an gelembung wap'
Apakah komposisi wap tersebut?
[8 marl<s/markahJ
Steam flow at 350"C into a porous plug in u pip. line at a pressure of 10 MPa'
It exits at I bar. What is the exit temperature?
Aliran stim pada 350"C mengalir ke dalam palam berliang dari satu paip






Briefly discuss the term equilibrium'
B inc an gknn s e c ar a r i n gkns t e r ma ke s e i mb angan'
[4 marlu/markah]
Determine the fugacity and fugacity coefficient for saturated steam at
1 atm.




tbI Fuel cells produce electricity from hydrogen. The life of the fuel cell depends
on producing relatively pure hydrogen. Methane (natural gas) is often used as
a feed to produce hydrogen. Consider the production of hydrogen (Hz) by
dissociation of methane (CH+) into solid carbon (C). The plocess can be
described by the following chemical reaction:
Sel-sel bahan api menghasilknn elehrik daripada hidrogen. Jangl<a hoyat sel
bahan api bergantung kepada penghasilan hidrogen yang tulen. Metana (gas
asli) selaluryi dtgunakan sebagai suapan untuk menghasilknn hidrogen'
Peitimbangkan peighasilan hidrogen (H) dengan penceraian metana (CH4)
kepada kaibon pejaT (C). Proses boteh diperihatkan oleh tindakbalas kimia di
bawah:
CHq (e) v' C(s) + 2Hz(e)
The temperature is 1000 K and the pressure is 1000 Pa. You may assume that
Lho,,, does not change with temperature.
Suhu ialqh 1000 K dan teknnan ialah 1000 Pa. Anda boleh mengandaikan
bahawa zihot tidak berubah dengan suhu.
til What is the equilibrium constant at298 K?
Apaknh pemalar keseimbangan pada 298 K?
tiil What is the equilibrium constant at 1000 K?
Apakah pemalar keseimbangan pada 1000 K?
tiii] What is the maximum amount of Hz that can be produced per mole of
CHa in the feed at 1000 K?
Apakah jumtah H2 lang boleh dihasilkan oleh setiap mol suapan cHa
pada 1000 K?
tivl why is this reaction conducted at 1000 K instead of 298K?
Kenapakah tindakbalas ini dijalanknn pada 1000 K buknnnya pada
298 K?
[u] why is this reaction conducted at 1000 Pa instead of I bar?
Kenapakah tindakbalas ini dijalanknn pada 1000 Pa bulrannya pada
I bar? p 5 marks/marlmhJ
Consider a binary mixture of A and B at T:300 K and P= 20 kPa. A graph of
the fugacity of species A as a function of mole fraction is shown below. Use
Henry;s law as the reference state for species A and the Lewis/Randall rule for
species B.
Satu campuran perduaan A dan B pada T:300 K dan P: 20 kPa. Satu graf
fugasiti )nmk ipests A sebogai fungsi pecahan mol ditunjukkan di bowah'
Gunaknn Hukum Henry sebagai keadaan ruiukan untuk spesis A dan
peraturan-peraturon Lewis/Randall untuk spesis B'
til What is the Henry's law constant for species A?
Apalcah pemalar Henry untuk spesis A?
tiil What is the activity coefficient for species A at xu= 0.4? at xr : 0.8?





liiil Is the activity coefficient for species B at xn = 0.4 greater than or less
than I ? Explain.
Adakah pekali aktiviti untuk spesis B pada xt : 0.4 lebih besar atau
tebih kecil daripoda l? Terangkan.
Is the A-B interaction stronger than the pure species interaction?
Explain.
Adakah interol<si A-B lebih kuat dibandingkan dengan interal<si spesis
tulen? Terangknn.
Consider the vapor phase to be ideal. What is the vapor-phase mole
fraction of A in equilibrium with40%o liquid A?
Andaiknn fasa wap adalah unggul. Apakah pecahan mol fasa-wap
untuk A dalam keseimbangan dengan 40o% cecair A?
./
tl











o.1 0.2 0.3 0-4
X4
o.5 o.o o.7 0-a o-9
fl 5 marlu/markahJ
Briefly explain the term azeottope in relation to VLE'
Terangkan dengan ringkas terma azeotrop bila diknitkan dengan VLE-
[5 marks/markahJ
tiil Briefly discuss how the natural gas liquefaction process can be
accomplished.







































































































































































































































































































































































345. rs 2.213 0
349.ts 2.41s 9
b normal boiling point
f Reproduced with permission from ASTIRAE Handbook: Furulame-ntals, p. 17 -29, American Society




CRITICAL C0NSTANTS. ACENTRIC FACTORS AND. ANTOINE C0EFFICIENTS:r























































































































































































































































































ENTHALPY AND GIBBS ENERGY OF FORMATION AT 298 K AND I BAR
Organic Compounds







































































































































































































































































































































































































































































































































































































































































































tReproduccd with permission from A,SIIRzI E Handboek: Fundannentals, p. I7 .29, American Society
of Heating, Refrigerating, and Air-Conditioning Engineers, Inc., AtIantL 1993-
